N:NIH(S) II nu/nu (athymic) and +/nu (euthymic) mice were inoculated with coxsackievirus B3 (CBV-3) and examined at various times after infection for virus titres in the heart, myocarditis and serum neutralizing antibodies. Virus was recovered from the hearts of nu/nu mice for up to 94 days post-inoculation, but was not recovered from the hearts of any +/nu mice beyond 14 days. Inflammatory cell infiltration and necrosis were present in the hearts of +/nu mice at all harvest times (7, 14, 21 and 28 days). Inflammation and necrosis did not become evident in nu/nu mice until 14 days post-inoculation, and was then present in mice from each harvest until the end of the experiment (94 days). In athymic mice, myocarditis showed a strong correlation with persistence of CBV-3 in the heart. In N:NIH(S) II mice, the presence (+/nu) or absence (nu/nu) of a thymus had a major influence on the clearance of virus from the heart and on the development of myocarditis.
The histopathological changes seen in myocarditis induced by coxsackievirus B3 (CBV-3) may be due to immunological or non-immunological mechanisms (Woodruff, 1980) . Experiments by Wong et al. (1977) indicated that murine myocarditis induced by CBV-3 could be a result of cytotoxic T-lymphocytes reacting against virus-infected target cellS. Thymic involvement in CBV-induced murine myocarditis was evidenced by the reduced inflammatory cell response and mortality in thymectomized mice or mice treated with anti-thymocyte serum as compared with intact mice (Woodruff & Woodruff, 1974) . Nude mice have also been used to investigate the role of the thymus in coxsackievirus-induced myocarditis, and somewhat conflicting results have been obtained. In one study nude mice showed less intense myocardial inflammation than was seen in euthymic mice (Hashimoto & Komatsu, 1978) , while in another (Robinson et al., 1981) equivalent myocardial inflammation was found in nude athymic and hairy euthymic mice. We have also observed equivalent myocardial inflammation in NFR nude and euthymic mice (Schnurr & Schmidt, 1984) .
In some studies coxsackievirus infection was terminated as efficiently in thymectomized (Woodruff& Woodruff, 1974) or nude (Robinson et al., 1981) mice as in mice with a thymus. In contrast, we have observed persistence of CBV-3 in hearts of NFR nude mice for up to 28 days, as compared to 7 days for euthymic mice (Schnurr & Schmidt, 1984) . In the study reported here, we have further investigated the role of the thymus in virus persistence and myocarditis using N:NIH(S) II nu/nu and +/nu mice.
The myocarditic CBV-3(M) strain, adapted to the murine heart by Dr J. Woodruff, was propagated in Buffalo green monkey kidney (BGMK) cells. N : NIH(S) II nu/nu and +/nu mice, which were developed by Hansen (Azar et al., 1980) , were provided to us by Dr P. Arnstein of the Viral and Rickettsial Disease Laboratory. These are outbred mice which have an X-linked immunodeficiency gene (Xid) that results in defective T-independent B-lymphocytes. On this background are mice with (+/nu) and without (nu/nu) a thymus. Male mice between 4 and 12 weeks old were grouped by age and held in groups of four to eight in cages in isolator units.
0022-1317/84/0000-5989 $02.000 1984 SGM Short communication These studies utilized a total of 64 nu/nu mice (21 were 4 to 5 weeks of age, 37 were 9 weeks of age, and 6 were 12 weeks of age) and 24 +/nu mice 4 to 5 weeks of age. Mice were inoculated by the intraperitoneal route with 50 000 TCIDs0 of CBV-3(M) suspended in 0-5 ml of physiological saline. Animals were sacrificed at various times indicated below by bleeding from the heart, and serum was saved for antibody assays. Hearts were cut into two parts, one of which was processed for histology, and the other was immediately processed for co-cultivation with BGMK cells or frozen at -20 °C until it was used for virus isolation and titration. Healthy uninfected mice of the same ages were sacrificed at various times to serve as controls.
Heart tissues were homogenized in a mortar with a pestle, and resuspended to 10~o in phosphate-buffered saline containing 0.75 ~ bovine serum albumin. Serial tenfold dilutions of the suspension were inoculated onto BGMK cells (Schmidt, 1979) . When virus isolation was attempted by co-cultivation with BGMK cells, the heart tissue was minced immediately upon removal and mixed with 2 × 105 BGMK cells in a 2 oz prescription bottle. Growth medium consisted of Eagle's MEM with 10~ foetal bovine serum. Cultures were observed for the development of a c.p.e, and were held for 30 days before they were considered to be negative. All viral isolates were identified by neutralization tests with type-specific immune mouse ascitic fluid.
Assays for serum neutralizing antibodies were done by a micromethod described elsewhere (Schmidt, 1979) .
Heart sections stained with haematoxylin and eosin were evaluated with respect to three categories of histopathology: inflammatory cells, necrosis and basophilic necrosis. Inflammation was graded on a scale of 0 to 4 + based upon the criteria defined by Woodruff & Kilbourne (1970) .
Athymic mice experienced significant mortality with increasing length of time after infection. Only one of the 24 infected +/nu mice died before it could be harvested (between 21 and 28 days). On the other hand, 14 of the 64 infected nu/nu mice died before they could be harvested: one died between 14 and 21 days, five between 21 and 28 days, three between 28 and 56 days, and five died between 56 and 94 days. The mortality was not due to ageing alone, as only one of 16 uninoculated control nu/nu mice held for 21 to 94 days died (between 28 and 56 days). Although the mice that died before harvest were not examined by autopsy, two moribund nu/nu mice harvested at 94 days post-infection had infectious virus in their hearts together with extensive myocarditis, and thus a chronic viral infection would seem to be a possible explanation for the mortality observed in nu/nu mice.
Virus isolation results at various times after infection of +/nu and nu/nu mice are summarized in Table 1 . By 14 days post-inoculation, virus could be recovered from the hearts of only two of six +/nu mice, and virus could not be isolated from any of the euthymic mice sampled at later times. On the other hand, virus was recoverable from hearts of a high proportion of nu/nu mice sampled at 14 days and later post-infection, including two of three mice that were tested at 94 days post-infection. The two nu/nu mice that gave negative virus isolation results at 7 days had been infected, as evidenced by the presence of neutralizing antibodies in their serum specimens. With the exception of these two animals, virus titres in hearts of nu/nu mice tended to be higher than those in virus-positive +/nu animals harvested at the same times. No significant differences were seen in virus recovery from nu/nu mice infected at different ages. Thus, the mice with a thymus were able to terminate their CBV-3 infections within a relatively short time, whereas fewer than 50~ of the nu/nu mice had terminated their infections at the times they were tested.
Co-cultivation of heart tissue with BGMK cells resulted in virus recovery in six of 11 attempts. In several cases, islands of cells survived for up to 90 days. These cells had polygonal 'epithelial-like' morphology, and they could not be subcultured and did not appear to divide. They did not appear to be BGMK cells, and fresh BGMK cells added to the cultures did not grow into monolayers, but were rapidly lysed by virus present in the cultures or released by the islands of heart cells. Even after several washings with Hanks' balanced salt solution, the islands of surviving heart cells released sufficient virus to infect BGMK cells. It appeared that these cells were mouse heart cells persistently infected with CBV-3(M). 
Histopathology observed in hearts of N : NIH(S) H +/nu and nu/nu mice infected with CB V-3(M)
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Differences in myocardial histopathology were seen between infected nu/nu and +/nu mice (Table 2) . At 7 days post-infection, there were multiple foci of mononuclear cell infiltrates in the hearts of all of six +/nu mice, while foci of inflammatory cells were present in hearts of only two of 12 nu/nu mice. The inflammation was characterized by mononuclear cell infiltration associated with myofibres in various stages of lysis. Mice with a thymus had reduced levels of inflammation at 14 to 28 days post-infection (Table 2 ). In addition, basophilic necrosis was seen in the hearts of one or more +/nu mice harvested at 7, 14, 21 or 28 days post-infection, but this type of necrosis was not observed in any of the infected nu/nu mice examined at any time interval. Basophilic degeneration of the myocardium has been observed as a frequent finding in haematoxylin and eosin stained sections of human myocardium (Rosai & Lascano, 1970) . The basophilic deposits were composed of glycogen-like material and were thought to be the result of a disorder in glycogen metabolism. The basophilic necrosis which we observe in N : NIH(S) II +/nu myocardial sections has not been characterized. Further study will be required to understand the unique association of these lesions with CBV-3(M)-infected euthymic mice.
In 17 of 33 nu/nu mice harvested at 14 or more days after infection, there was inflammation, necrosis and myofibre loss. Myocardial pathology was chronic in nu/nu mice, as one of three animals which survived for 56 days and two of three which survived for 94 days after infection showed extensive loss of myofibres with accompanying fibrosis. There were no positive histopathological findings in hearts of uninfected control mice harvested at the various time intervals.
The important differences in myocardial histopathology observed between nu/nu and +/nu mice were (i) a greater inflammatory response at 7 days post-infection in +/nu mice, and (ii) basophilic necrosis in +/nu mice but not in nu/nu mice.
When histopathological findings were correlated with virus recovery, differences were also seen between the infected nu/nu and +/nu mice. At 7 days post-infection, both virus and myocarditis were present in hearts of all of six +/nu mice. At this time, only two of 14 nu/nu mice had both virus and myocarditis in their hearts; of the 12 nu/nu mice without myocarditis, ten had virus in their hearts, and hearts of the other two were virus-negative. In the nu/nu mice, myocarditis became pronounced after 14 days, and remained so for up to 94 days. In all the athymic mice tested, those positive for myocarditis also had virus in the heart. Only three nu/nu mice showed prolonged virus persistence without myocarditis. In contrast, of the 17 +/nu mice tested at 14 or more days after infection, ten had myocardial pathology in the absence of demonstrable infectious virus.
A thymus or thymic influence was seen to play an important role in the development of CBVinduced myocarditis in these mice. The mice with a thymus developed an intense inflammatory reaction by 7 days after infection, while mice without a thymus infrequently developed similar lesions. By 14 days after infection, most mice with a thymus had eliminated infectious virus from the heart, but histopathological changes persisted for up to 28 days. In contrast, athymic mice did not efficiently eliminate virus from their hearts, and virus persistence showed a high degree of correlation with histopathology.
Both nu/nu and +/nu mice showed maximum neutralizing antibody levels at 7 days postinfection. This was assumed to be largely IgM antibody, since nude mice have been shown to produce immunoglobulins of this class (Mink et al., 1980; Schnurr & Schmidt, 1984) . By 14 days, antibody titres had decreased to lower levels which persisted for the duration of testing in +/nu mice, but decreased to very low or undetectable levels in most of the nu/nu mice.
The course of a viral infection depends upon various factors such as host genetics and immune status, and the strain of the infecting virus. Genetic differences in the host may have accounted for the fact that CBV-3-induced mortality was decreased in immunosuppressed BALB/c mice (Woodruff & Woodruff, 1974) , while the opposite was seen in CBV-4-infected ICR Swiss mice (Khatib et al., 1983) . Also, termination of CBV-3 infection in BALB/c mice was seen to be independent of T-cell-mediated immunity (Woodruff & Woodruff, 1974; Robinson et al., 1981) , while, in contrast, T-cell-mediated immunosuppression in ICR Swiss mice delayed virus elimination (Khatib et al., 1983) . Experiments by Woodruff (1979) indicated that neutralizing antibody by itself was not sufficient to terminate CBV-3 infection in CD-1 mice.
The results of our experiments with N : NIH(S) II nu/nu mice were in agreement with those reported for CBV-4 infection in ICR Swiss mice (Khatib et al., 1983) in that viral clearance from the heart was more efficient in mice with a thymus. Clearly, our nu/nu mice did not efficiently eliminate infectious virus from their hearts, and in the nu/nu mice persistent infection was associated with myocardial histopathology, and probably increased mortality rates. Mice with a thymus remained infected for only 14 days or less, and yet a number of the animals had continuing myocardial pathology.
The failure to clear virus from N:NIH(S) II athymic mice must relate to T-and/or B-cell deficiencies. The Xid gene carried by all N:NIH(S) II mice results in an impaired B-cell response to certain T-independent antigens (Scher, 1982) . However, N:NIH(S) II nu/nu mice showed a neutralizing antibody response to CBV-3, and they are known to be capable of producing IgM and some classes of IgG antibody to certain other T-independent antigens (Scher, 1982) . However, the antibody response by itself was not sufficient to terminate the infection.
In the N : NIH(S) II mice, some T-cell-mediated function facilitated viral clearance from the heart, and yet euthymic mice that had terminated infection experienced continuing myocarditis.
In contrast, nu/nu mice suffered increased mortality, and myocardial pathology which correlated with viral persistence. Thus, it appears that there are at least two mechanisms whereby CBV-3(M) can cause myocardial histopathology, one dependent upon full thymic function, and one dependent on viral persistence. Which mechanism operates appears to depend upon host factors.
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